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A bstract : We study the critical behaviour of copolymer on 4- 
simplex la ttice. We show th a t in absence of in ter-chain  in teraction  co­
polymer behaves as a single polymer chain, however, due to in te r ­
chain in teraction  the  critical behaviour of co-polymer changes.
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PACS In d ex  : : 64.60Ak; 05.50+q; 64.60 Fr; 82.35 + t
D i-block co -po lym ers a re  po ly m ers  fo rm ed  by tw o b locks o f 
m onom ers o f d if fe re n t chem ica l n a tu r e  A an d  B lin k ed  to g e th e r . 
From th e  th e o re tic a l  s ide , block co-po lym ers can  be s tu d ie d  
using th e  s ta t i s t ic a l  m e th o d s  developed  fo r hom opo lym er [1 -3 ]. 
In o u r re c e n t p a p e rs  [4-6] w e developed  a m odel o f tw o 
in te ra c tin g  w a lk s  (T IW s) on f ra c ta l  la tt ic e s  to  s tu d y  th e  
beh av io u r o f tw o  chem ica lly  d iffe re n t l in e a r  p o ly m ers  in  
selective  so lv en t. D ep en d in g  on th e  so lv en t q u a li ty  a n d  
a t tra c t iv e  in te ra c t io n  b e tw een  in te r -c h a in  an d  in tr a -c h a in  
m onom ers, m a n y  d iffe re n t s i tu a tio n  ip ay  a r is e . We show ed t h a t  
the  sy stem  w ill be  in  e i th e r  of th re e  s ta te s  d escrib ed  below  [5 ] : 
(1) T he  sy s te m  m ay  be in  a s ta te  in  w h ir1! th e  tw o  p o ly m ers  
in te rm in g le d  w ith  e ac h  o th e r  in  su ch  a w ay  th a t  th e y  can  
n o t be d is tin g u ish e d  from  th e  o th e r  ch a in . T hin s ta t e  w as 
re fe rre d  a s  th e  in te rp e n e tra te d  s ta te .
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(2) W h en  th e  a t t r a c t iv e  in te ra c t io n  b e tw e e n  u n lik e  m onom ers 
re a c h e s  a  c r i t ic a l  v a lu e , th e  tw o  c h a in s  m ay  be  found  in  the 
z ip p ed  s t a t e  in  su c h  a  w ay  t h a t  th e y  lie  s id e  by s id e  (in  some 
a p p ro x im a te  s e n s e  is  s im ila r  to  th e  fo rm a tio n  o f double 
s t r a n d e d  D N A ). I t  w as  re fe r re d  a s  a z ip p ed  s ta te .
(3) I f  th e  q u a l i ty  o f th e  s o lv e n t is  su ch  t h a t  th e  one  o r both 
p o ly m e rs  a r e  in  c o m p ac t g lo b u le  s ta t e ,  th e  tw o  c h a in s  a t 
h ig h  te m p e r a tu r e  a re  s e p a ra te d  from  e a c h  o th e r  w ith o u t 
a n y  o v e r la p , w e re fe r re d  i t  a s  s e g re g a te d  s ta te .
In  th is  p a p e r  w e show  t h a t  th e  m odel o f tw o  in te ra c tin g  
w a lk s  (T IW s) m a y  be  e x te n d e d  to  s tu d y  th e  c r i t ic a l  b e h a v io u r  of 
c o p o ly m ers  in  a  so lu tio n  w h ich  m a y  h a v e  d if fe re n t  q u a li t ie s  for 
d if f e r e n t  c h a in s . H e re  w e a p p ly  re a l-sp a c e -re n o rm a liz a tio n  
g ro u p  te c h n iq u e  17] to  s tu d y  th is  p ro b lem . T h is  te c h n iq u e  was 
fo u n d  to  be v e ry  u se fu l in  c ase  o f f r a c ta l  la t t ic e s  wfhere the 
a sy m p to tic  p ro p e r t ie s  o f th e  p o ly m er c h a in  a re  o b ta in e d  by 
u s in g  e x a c t  re c u rs io n  re la t io n s  [4-6]. T h e se  re c u rs io n  Relations 
h a v e  b e e n  o b ta in e d  by s p l i t t in g  g e n e ra tin g  fu n c tio n s  in  finite 
s u b s e ts .  T h e  v a r ia b le s  in  th e s e  e q u a tio n s  a re  j u s t  th e  p a rtia l 
g e n e r a t in g  fu n c tio n s  c o rre sp o n d in g  to  d if fe re n t polym er 
c o n f ig u ra tio n s  fo r a  g iv en  s ize  o f th e  f r a c ta l  la t t ic e . L in ea riz in g  
th e  re c u rs io n  e q u a tio n  n e a r  th e  fixed  p o in ts , one  c an  find  the  
e ig e n v a lu e s  o f th e  t r a n s fo rm a tio n  m a tr ix  w h ich  give the 
c h a r a c te r i s t ic  e x p o n e n t o f th e  sy s te m . T h e  g e n e ra t in g  function 
o f  o u r  in te r e s t s  c a n  be  w r i t t e n  a s
G K P jP jX g U g ) =  X  ( X " ' U * ' ) ( x " '  u " ' ) ( x " ’ U,"’ )  ( 1 )
all distinct walks
w h e re  N ,(N 2) is  th e  n u m b e r  o f m o n o m ers  in  th e  p o ly m er P,(P,) 
a n d  x ,(x a) d e n o te s  th e  fu g a c ity  w e ig h t a t ta c h e d  to  each  s te p  of 
p o ly m e rs  P ,(P J). H e re  u^U j) r e p re s e n ts  th e  B o ltz m an n  factor 
a s s o c ia te d  w ith  th e  a t t r a c t iv e  in te ra c t io n  b e tw e e n  m o n o m ers  of 
p o ly m e r P ,(P 4). x , a n d  u 3 d e n o te , re sp e c tiv e ly , th e  fugacity  
w e ig h t a t ta c h e d  w ith  z ip p ed  w a lk s  an d  th e  B o ltz m a n n  factor 
a s s o c ia te d  w ith  th e  a t t r a c t iv e  in te ra c t io n  b e tw e e n  unlike 
m o n o m e rs . N , is  th e  to ta l  n u m b e r  o f z ipped  m o n o m ers . R ,(R Z) is 
th e  to ta l  n u m b e r  o f m o n o m e rs  o f th e  c h a in  P ,(P 2) occupying  the 
n e a r e s t  n e ig h b o u r in g  s i te s  o f th e  la t t ic e  an d  R3 is  th e  n u m b e r of 
m o n o m e rs  o f  d if f e re n t  c h a in  occupy ing  th e  n e a r e s t  ne ighbour 
la t t ic e  p o in ts .
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W e ta k e  c h a in s  P , a n d  P f in  a  g iven  c o n fig u ra tio n , th e  
v a r ia b le s  (x ,u ,)  a n d  (x ,u ,)  a r e  th e re fo re  ta k e n  to  be know n  (8*9]. 
F rom  th e  g e n e ra t in g  fu n c tio n  o n e  c an  c a lc u la te  th e  a v e ra g e  
n u m b e r  o f  m o n o m ers  o f tw o  c h a in s  in  c o n tac t w ith  e ac h  o th e r  
a n d  th e  d iv e rg e n ce  o f  g e n e ra tin g  fu n c tio n  d e te rm in e s  th e  en d  to  
e n d  d is ta n c e  e x p o n e n t o f copo lym er an a lo g o u s  to  th e  s in g le  
p o ly m er c h a in  [5]. F o r 4 -s im p lex  la t t ic e  i t  is possib le  to  w rite  
th e  r e le v a n t  g e n e ra tin g  fu n c tio n s  in  te rm s  o f re s tr ic te d  p a r t i t io n  
fu n c tio n s  sh o w n  in  F ig . 1.
Ar Br Cr Dr
Fig. I. D iagram s representing the eight restricted partition functions for co  polym ers 
indccatcd by plane and w igcl line on truncated 4 - sim plex lattice.
T h e se  p a r t i t io n  fu n c tio n s  a re  defined  re c u rs iv e ly  a s  a  
w e ig h ted  sum  o v e r a ll p o ssib le  c o n fig u ra tio n s  for a g iven  s ta g e  
o f th e  i te r a t iv e  c o n s tru c tio n  o f f ra c ta ls . T h ese  re c u rs io n  
re la t io n s  a re
A „, = «A , B.) (2 a)
B „ , = *(A, B,) (2 b)
C „, -  h(C . D.) (2 c)
D „, = i(C . D,> (2 d)
E „ ,= j ( A .B ,C ,D ,E .) (2 e)
F „ , -  k(A,B, C .D , E .F , G .H .I ( 2 0
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G,„ = KA.B, C,D, E,F, G.H.) (2*)
H„, = m(A,B, C.D, E,F, G.H.) (2h)
D e p e n d in g  on  in i t ia l  c o n d itio n s , w e m ay  find  a  p o ly m e r c h a in  in  
e i th e r  o f  th r e e  s t a t e s  : S w o llen  (S), C o m p ac t g lo b u le  (C) a n d  a t  
th e  6 -p o in t (T) [8-9]. T h e  e ffec t o f  in te r -c h a in  in te ra c t io n  
b e tw e e n  tw o  p o ly m e rs  a re  ta k e n  th ro u g h  E , F , G a n d  H .
In  a  sy s te m  o f tw o  ch em ica lly  d if fe re n t p o ly m er c h a in s  w e 
h a v e  s ix  in d e p e n d e n t c o m b in a tio n s  o f th e  in d iv id u a l c h a in s , 
w h ich  w e in d ic a te  by S S , CC, T T , SC , ST  a n d  CT. U sin g  th e  
fixed  p o in t (A*B’> a n d  (C ’D*) c o rre sp o n d in g  to  th e s e  s t a t e s  o f 
p o ly m e rs  P , a n d  P , w e so lve  E q s. (2 a -2 h), w h ich  g ive  tw o  fixed 
p o in ts  E a* a n d  E,* fo r e ac h  c o m b in a tio n  o f th e  s ta t e s  o f  th e  
in d iv id u a l c h a in . U sin g  th e s e  v a lu e s  w e d e te rm in e  F*, G* ajnd H*. 
V a lu es  o f fixed p o in ts , r e le v a n t  e ig e n v a lu e s , c o n ta c t e x p o n e n t 
a n d  th e  e n d  to  e n d  d is ta n c e  e x p o n e n t v for d if fe re n t p o ss ib il itie s  
a re  g iv en  in  T a b le  1 . F ix ed  p o in ts , c o rre sp o n d in g  e ig e n v a lu e s  
X.,X2(X,X4) a n d  X, a n d  o th e r  c r it ic a l  e x p o n e n ts  m ay  be found  \from 
Ref. [51.
T a b le  I
Values o f fixed points, relevant eigenvalues, contact exponent and end to 
end distance exponent at the tricritical point for the 4-sim plex lattice. The 
swollen, compact globule and tricritical configuration of each chain is 
indicated by S, C and T respectively.
S tate  
of indi­
vidual 
chain
Fixed  
point for 
the s la te  
of
com posite
system
X. x. X. y End tfc
end
distance
exponent
of
com posite
chain
End to 
end
distance
exponent
of
individual
chain
SS E, = 0.049 2.7965 < 1.0 < 1.0 v# = 0.433 0.674
E , 0 6 1 2 4.9510 2.6258 - 1.0 0.945
TT E, = 0.014 1.955 - 1.0 < 1.0 0.603 v . = 0.529 0.529
E , = 1/3 2.222 2.222 3.703
CC E. = 0 0 - 1.0 -  1.9 0.673 V. = 0.5 0.5
E , 0.22 0 4 0 2 544
ST E, = 0.026 2.3292 - 1.0 < 1.0 0.631 - v# = 0.482 0.529
E , 0 .429 4.2062 - 1 2.8253
SC E. = 0.0 -  1 -  1.0 < 1.0 0.756 v, = 0.440 0.5
E , 0 .488 4.8261 -  1 1.5756
TC E. = 0.0 0 < 1.0 < 1.0 0.682 v# = 0.5 0.5
E , 0 .368 - 1 2.4715 4.0
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W t h a v e  s tu d ie d  th e  c r itic a l b e h a v io u r  o f copo lym ers on 
fractail la t t ic e s .  T h e  p ro b lem  w ith  w h ich  we h av e  b een  co ncerned  
h e re  is  to  p re d ic t th e  e ffec t o f  in te r-c h a in  in te ra c tio n  on en d  to  
end  d is ta n c e  e x p o n e n t. In  a ll  th e s e  case s  i t  is e v id e n t from  
T ab le . 1 t h a t  e n d  to  en d  d is ta n c e  e x p o n en t is  u n a lte re d  w h e n  th e  
in te r -c h a in  in te ra c t io n  is  le ss  th a n  th e  c ritic a l v a lu e . H ow ever, 
a t  th e  c r it ic a l  v a lu e  o f in te r -c h a in  in te ra c tio n  th e  copolym er try  
to  co llap se  a s  ev id en ced  by th e  in c re a se  in  e ig en v a lu e s  w h ich  
show  t h a t  a v e ra g e  d e n s ity  o f m onom er in c re a se s . I t  m ay  be 
no ted  t h a t  in  a ll th e se  c a se s  th e  end  to  end  d is ta n c e  e x p o n en t is 
found to  be low er th a n  v = l / d f, w h e re  d ( is th e  f ra c ta l  d im en sio n  
of th e  la t t ic e  b u t  g r e a te r  th a n  th e  v„ = d ,/2d, [10], w h e re  d, is 
th e  s p e c tra l  d im e n s io n  o f th e  fra c ta l . vR is th e  end  to  end  
d is ta n c e  e x p o n e n t o f ran d o m  walk* on th e  p a r t ic u la r  f ra c ta l . W e 
h av e  a lso  s tu d ie d  th e  b e h a v io u r  o f co-polym er w hen  b o th  th e  
c h a in s  a re  n o t in  th e 's a m e  s ta te .  In  m ost o f th e  cases  re p o rte d  
above w e find  one  o f th e  e ig e n v a lu e  is e q u a l to  1. In  th e  
fram e w o rk  o f re a l  sp ace  re n o rm a liz a tio n  g ro u p  c a lc u la tio n  th is  
e ig e n v a lu e  is  re fe rre d  a s  "m a rg in a l e ig en v a lu e"  w h ich  
co rre sp o n d s  th a t  th e  fixed p o in t is u n s ta b le . To g e t th e  s ta b le  
fixed p o in ts  one  h a s  to  in c lu d e  2ni o rd e r  te rm  in  l in e a r iz a tio n . 
T he  d e ta i le d  p h a se  d ia g ra m , re le v a n c e  o f d iffe re n t fixed p o in ts  
in te rm s  o f th e  u n iv e rs a li ty  a n d  o th e r  fe a tu re s  o f th is  m odel w ill 
be p u b lish e d  e lse  w h e re .
W e th a n k  P ro f. Y a sh w a n t S in g h  an d  P rof. D eep ak  D h a r  for 
m an y  h e lp fu l d isc u ss io n s  an d  R .C h. S in g h  for c r itic a l re a d in g  o f 
th is  m a n u sc r ip t . T h is  w ork  h a s  been  done by th e  su p p o r t o f 
D e p a r tm e n t o f S c ience  a n d  T echnology an d  U n iv e rs ity  G ra n ts  
C om m ission , N ew  D elh i (In d ia ).
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